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We show that without quantum correlations, energy cannot flow. The result follows from a
simple theorem that shows that systems whose dynamics do not generate quantum discord are ef-
fectively non-interacting. We show that the rate of heat transfer between two quantum systems
at different temperatures is directly proportional to the instantaneous rate of increase of diago-
nal/energetic discord between the systems. Consequently, nanoscale heat transfer experiments can
be used to measure discord directly. We report the results of a measurement of the increase in dis-
cord due to nanoscale heat flow across an aluminum-sapphire interface and find it to be 4.28× 1024
bits m−2 K−1 s−1.
Quantum systems can be correlated in ways that classi-
cal systems can not. A wide variety of non-classical forms
of correlation exist [1–15]: amongst the best known are
entanglement [1] and discord [2–5, 9, 10]. Quantum cor-
relations can be used to enhance measurement accuracy
[16], energy transport [17–19], and to establish private
communications [20, 21]. Discord measures the difference
between quantum mutual information and the classical
mutual information between local measurement results.
It aims to quantify the amount of all nonclassical corre-
lations. (See [22] for a comprehensive review on discord.)
More formally, the ordinary discord D(A→ B) measures
the minimum reduction in correlation between two quan-
tum systems, A and B, induced by measurements made
on A [2–5, 9, 10]. Similarly, D(B → A) measures the
minimum reduction in correlation induced by measure-
ments made on B. Because of the minimization, discord
can be difficult to calculate [23]. A natural and more
easily calculated version of discord is diagonal discord –
the reduction in correlation when A and B are measured
in the bases that diagonalize the reduced density matri-
ces for A and B (similar measures previously discussed
in e.g. [14, 24]). In the case of thermal states, diagonal
discord is the ‘energetic’ discord defined by measurement
in the energy eigenbasis. As a consequence, diagonal dis-
cord has a direct interpretation in terms of flows of en-
ergy and entropy, and can be determined directly from
measurement.
Evolutions that do not create discord are regarded as
classical. For instance, it has been shown that a large
class of quantum computation that contains no discord
within the register at all steps admits efficient classical
simulation [25, 26]. In this paper, we show that quan-
tum correlations – in the form of discord – are manda-
tory for any energy transport taking place between parts
of a closed system. That is, energy transport cannot
occur between subsystems that remain classically cor-
related (discord-free) during the evolution. Moreover,
we show that the initial rate of heat transfer between
two systems prepared at different temperatures is pro-
portional to the rate of increase in diagonal/energetic
discord between the systems. When the systems are in a
Gaussian state, we show that we can compare diagonal
discord to the actual discord, and that they converge in
the high-temperature limit. This result allows us to mea-
sure discord directly by quantifying the instantaneous
rate of heat flow between two systems, without having
to perform detailed state tomography. Effectively, the
heat flow across the surface acts as a witness of the pres-
ence of discord, and allows us to measure it. We exhibit
an experiment in which we measure the increase of en-
ergetic discord induced by nanoscale heat flow across an
aluminum-sapphire interface when the aluminum is ex-
cited by a femtosecond laser pulse. The rate of increase of
discord is a function only of the temperature difference
and heat flux across the interface, and is measured to
be 4.28× 1024 bits m−2 K−1 s−1. To our knowledge, this
is the first experiment to demonstrate and certify theo-
retically the creation of macroscopic amounts of discord.
Note that the experiment is not a test of a theoretical
prediction, but instead a direct measurement of discord
based on the theory. Our theoretical results consist not
of predictions of the results of experiments, but rather a
set of theorems that allow us to relate quantity of dis-
cord to experimentally measurable quantities. We prove
that instantaneous heat flow is a ‘discord witness,’ and
that the amount of discord created is a function of the
measured amount of heat flow, together with the tem-
peratures of the substrates between which the flow takes
place.
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2ORDINARY AND DIAGONAL DISCORDS
To define discord, consider a joint quantum system AB
described by a density matrix ρAB . The systems A and
B considered individually are described by reduced den-
sity matrices ρA = trBρAB , ρB = trAρAB respectively,
where trA,B represents the partial trace over A,B. The
quantum mutual information I(A : B) = I(A)− I(A|B)
is defined to be the difference between the information
of A: I(A) = −trρA ln ρA and the quantum conditional
information I(A|B) = −trρAB ln ρAB + trρB ln ρB . The
quantum mutual information measures the total amount
of correlation between A and B. Discord compares the
quantum mutual information with the mutual informa-
tion obtained when a measurement is made locally. Con-
sider a measurement made on B alone. The measure-
ment has outcomes b with probabilities p(b), and the
state of A given the outcome B is ρ(A|b). The mutual
information between A and the results of this measure-
ment on B is equal to I(A : B˜) = I(A)−∑b p(b)I(A|b),
where I(A|b) = −trρ(A|b) ln ρ(A|b). The quantum dis-
cord is defined to be the minimum difference between
the quantum mutual information and the mutual infor-
mation given a measurement on B:
D(B → A) = I(A : B)−max I(A : B˜), (1)
where the maximum is taken over all possible measure-
ments on B. The symmetric discord (or known as WPM
discord) is the minimum difference between the quantum
mutual information and the maximum classical mutual
information of the results of measurements made on both
A and B [7].
Define the diagonal discord Ddiag(B → A) to be the
difference between the quantum mutual information and
the mutual information given a measurement of B con-
sisting of rank one projectors onto the states of the
Schmidt basis: that is, we measure B in the basis with
respect to which ρB is diagonal. (If ρB has degener-
ate eigenvalues we use the basis for the degenerate sub-
space that minimizes the entropy increase.) Clearly,
Ddiag(B → A) ≥ D(B → A).
Like ordinary discord, diagonal discord quantifies the
reduction in mutual information induced by local mea-
surement, which can be regarded as the nonclassical part
of correlations. Ordinary discord is defined by the op-
timal local measurement, but diagonal discord is much
easier to calculate because we let the reduced state de-
fine the measurement to be made. The choice of Schmidt
basis is natural. It is indeed true that Schmidt basis mea-
surement does not always capture all locally accessible
(classical) correlations due to the absence of optimiza-
tion. A critical issue is that the local eigenbasis is not
uniquely defined when the reduced states possess degen-
eracy, which can lead to other subtleties, e.g., discontinu-
ity [7, 27]. (It can be shown that diagonal discord and the
local eigenbasis are continuous when the local spectrum is
nondegenerate [28].) However, it can be easily seen that
diagonal and ordinary discord vanish for the same set of
states. Thus operations that cannot create ordinary dis-
cord also cannot create diagonal discord. In [28, 29], we
prove several desirable features of diagonal discord: for
example, we find that diagonal discord is likely a mono-
tone nonincreasing under all discord non-generating local
channels. Note that the diagonal discord defined on both
sides is also known as measurement induced disturbance
[24].
In the case of Gaussian states, where discord can be
calculated directly [30], we can compare diagonal discord
to the ordinary definition. In the appendix, we show that
the diagonal discord and ordinary discord for Gaussian
states coincide in the high temperature limit. The Gaus-
sian, high-temperature limit is the case that is relevant
for our experimental demonstration of discord creation.
In addition, diagonal discord has natural correspon-
dences in various thermodynamical scenarios. For exam-
ple, consider a scenario where two parties share a joint
state, but they only have knowledge of their own local
states. They want to extract work from the joint state.
Then diagonal discord determines the maximum extra
amount of total work that they can can extract when
they have access to quantum communication channels
instead of classical ones [31]. This paper shows that di-
agonal discord also has a natural physical interpretation
in terms of energy flow and entropy increase, and can be
measured directly by experiment.
NO ENERGY TRANSPORT WITHOUT
DISCORD
Our first result is that the presence of discord – or-
dinary or diagonal – is a prerequisite for any non-trivial
interaction between subsystems of a closed system. More
explicitly, we prove the following theorem:
Theorem 1. Consider two quantum systems A and B
evolving continuously from an initial state ρAB(0) under
a unitary time evolution UAB(t). If the discord from A
to B and from B to A is zero for all times t, then the
time evolution for A and B can always be written as
ρAB(t) = UA(t)⊗ UB(t) ρAB(0) U†A(t)⊗ U†B(t). (2)
In other words, a system with zero double-way discord is
effectively non-interacting.
Proof. Zero discord from A to B, D(A→ B) = 0, implies
that
ρAB(t) =
∑
j
pj(t)|j(t)〉A〈j(t)| ⊗ ρjB(t), (3)
where |j(t)〉A is the Schmidt basis for A at time t, i.e., the
basis with respect to which ρA(t) is diagonal, and ρ
j
B(t)
3is a density matrix for B [10]. Similarly, zero discord
from B to A implies that
ρAB(t) =
∑
k
pk(t)ρ
k
A(t)⊗ |k(t)〉B〈k(t)|, (4)
where |k(t)〉B is the Schmidt basis for B.
Zero discord from A to B and from B to A imply
that measurement of both A and B in their local eigen-
bases (Schmidt bases) leaves ρAB unchanged. Equations
(3,4) then immediately imply that ρjB(t) is diagonal in
the Schmidt basis for B, for all j, and ρkA(t) is diagonal
in the Schmidt basis for A. Equivalently, under a joint
unitary evolution UAB(t) continuously connected to the
identity at t = 0, the density matrix at all times t can be
written as
ρAB(t) =
∑
jk
pjk(t)|j(t)〉A〈j(t)| ⊗ |k(t)〉B〈k(t)|
= UA(t)⊗ UB(t) ρAB(0) U†A(t)⊗ U†B(t), (5)
where UA(t), UB(t) transform the Schmidt bases of A,B
at time 0 to time t: |j(t)〉A = UA(t)|j(0)〉A, |k(t)〉B =
UB(t)|k(0)〉B . Here we have used the fact that since
UAB(t) is continuously connected to the identity and pre-
serves the eigenvalues pjk(t) of ρAB , pjk(t) = pjk(0) re-
main unchanged during the evolution. Note that this
does not necessarily hold when the joint evolution is not
unitary. That is, our result only applies to closed system
dynamics. This proves the theorem: zero symmetric dis-
cord implies that A and B are effectively uncoupled.
Equation (5) implies that, to preserve zero symmetric
discord, the effective Hamiltonian for A and B must be of
the form H = H˜A⊗IB+IA⊗H˜B . Indeed, for short times
∆t, write UA(∆t) = e
−iH˜A∆t, and UB(∆t) = e−iH˜B∆t.
Expanding to first order in ∆t, we have
(HA ⊗ IB + IA ⊗HB +HAB)|i〉A|j〉B
= (H˜A ⊗ IB + I˜A ⊗HB)|i〉A|j〉B , (6)
for all |i〉A|j〉B . In other words, HAB = (H˜A − HA) ⊗
IB+IA⊗(H˜B−HB), and the two systems are effectively
non-interacting.
The proof is by and large straightforward but pos-
sesses two subtleties. First, the theorem requires that
the time evolution evolves continuously from the identity
transformation, i.e., U(0) = I. Discontinuous transfor-
mations such as the SWAP operator that interchanges
the states of A and B need not generate discord, but
if such transformations are the end result of a continu-
ous unitary time evolution, then discord must be gen-
erated somewhere along the way. The second subtlety
arises in the case when the initial density matrix is de-
generate, so that its eigenvalues are the same on some
subspace. In this case, the actual physical unitary evo-
lution can induce couplings within the degenerate sub-
space: but because the subspace is degenerate, the time
evolution is always equivalent to non-interacting dynam-
ics as in the theorem. This implies our second result,
that energy transport cannot take place in the absence
of discord. In particular, consider two systems A and B
with joint Hamiltonian HAB . The proof of the theorem
implies that on subspaces where ρAB is non-degenerate,
HAB = HA +HB : there is no interaction and no energy
transfer. Conversely, within degenerate subspaces, we
can have interaction, but the degeneracy of these sub-
spaces precludes energy transport. There is no energy
transport without discord.
HEAT FLOW IS PROPORTIONAL TO
DIAGONAL DISCORD
Since energy transport must generate quantum corre-
lations, we can ask how much discord is generated when
energy is transported. In fact, as we now show, when A
and B are initially prepared in thermal states at different
temperatures, the rate of energy flow from A to B is di-
rectly proportional to the rate of generation of diagonal
discord.
Suppose that the initial states of A and B are ther-
mal states at temperatures TA, TB , TA > TB . The ini-
tial density matrix for AB is ρAB = Z
−1
A e
−HA/kTA ⊗
Z−1B e
−HB/kTB , where k is Boltzmann’s constant. The
two systems are uncorrelated; the Schmidt bases for A
and B are their energy eigenbases; and the discord and
diagonal discord are zero. Over a brief period of time
∆t, ρAB evolves to ρAB + ∆ρAB = U(∆t)ρABU
†(∆t).
For example, we can take U(∆t) = e−iH∆t, where H =
HA+HB+HAB , and expand the time evolution to second
order in ∆t (to first order in ∆t there is no energy trans-
fer). Conservation of energy and weak coupling imply
that A and B are still diagonal in their energy eigenbases.
The increase in the diagonal discord over time ∆t is the
difference between the quantum mutual information be-
tween A and B at time ∆t and the mutual information
when B’s energy is measured:
∆Ddiag(B → A) = I∆t(A : B)− I∆t(A : B˜). (7)
To evaluate the increase in diagonal discord, use the
following facts about entropy and mutual information.
The mutual information I(A : B) is equal to I(A) +
I(B) − I(AB), where I(A) = −trρA log ρA, I(B) =
−trρB log ρB , and I(AB) = −trρAB log ρAB . Here, ρAB
is the density matrix for the two systems taken together,
and ρA = trBρAB , ρB = trAρAB are the reduced density
matrices for the two systems taken separately. Define
ρAB˜ and ρB˜ = trAρAB˜ to be the density matrices for
AB and for B after a projective measurement of energy
has been made on B. The information I(AB˜) and mu-
tual information I(A : B˜) are defined in terms of these
post-measurement density matrices.
4The change in discord over time ∆t is given by
∆Ddiag(B → A) = I∆t(A : B)− I∆t(A : B˜)
= ∆I(A) + ∆I(B)−∆I(AB)
−∆I(A)−∆I(B˜) + ∆I(AB˜). (8)
This expression for the change in energetic discord can
be simplified. Because the time evolution is unitary, we
have ∆I(AB) = 0. The infinitesimal change in entropy
I = −trρ log ρ when ρ→ ρ+∆ρ is ∆I = −tr∆ρ log ρ. Us-
ing this relationship and noting that ρB is already diag-
onal in the energy eigenbasis, we have ∆I(B) = ∆I(B˜).
Substituting these relations into Eq. (8) yields
∆Ddiag(B → A) = ∆I(AB˜) = −tr∆ρAB˜ log ρAB˜ . (9)
Note that the thermal form of the initial state implies
that ρAB = ρAB˜ . Substituting the thermal state into
Eq. (9) yields
∆Ddiag(B → A) = (trHA∆ρA)/kTA + (trHB∆ρB)/kTB
= ∆EA/kTA + ∆EB/kTB , (10)
where ∆EA is the change in energy of A and ∆EB is
the change in energy of B. In the weak coupling limit,
we have ∆EA = −∆EB , and so the change in diagonal
discord is
∆Ddiag(B → A) = (1/kTB − 1/kTA)∆EB , (11)
and the energy flow from A to B is
∆EB = k
TATB
TA − TB ∆Ddiag(B → A). (12)
The flow of energy between two systems at different tem-
peratures is proportional to the instantaneous increase of
diagonal discord. Writing βA = 1/kTA = ∆SA/k∆EA,
βB = 1/kTB = ∆SB/∆EB , we see that ∆Ddiag(B →
A) = ∆EB(βB − βA) is just the increase in entropy in-
duced by the heat transfer. (When system B is at zero
temperature the rate of increase of entropy initially di-
verges.) Indeed, this interpretation of the increase in
diagonal discord follows directly from its definition: in
the weak coupling limit the density matrices for A and
B remain diagonal in the energy eigenbasis, and diago-
nal discord is the increase in the entropy of AB when a
measurement of energy is made on A or B.
For the Gaussian case, we are able to compute the
ordinary discord. Consider two modes A and B in ther-
mal states at temperatures TA > TB . We interact them
through a beamsplitter with transmissivity η. We find
that, in the weak coupling limit η ' 1 (similar as the
infinitesimal evolution time),
∆D(B → A) ' ∆n¯B
(
1
kTB
− 1 + n¯A
1 + n¯B
1
kTA
)
, (13)
where n¯ := 1/(e1/kT − 1) is the mean photon number.
For TA − TB  TB , n¯A ' n¯B . So ∆D(B → A) '
FIG. 1. Energy discord in thermal transport. Heat flows
from aluminum film (object A) to sapphire substrate (object
B). Experimental measurement within ultra-fast time domain
(blue line) has been fit with Fourier Law (green circles). The
crossing point between experiment and fitting is indicated
with red spot, and its energy status is illustrated in the in-
set. From Eq. (11) we can relate the rate of creation of
discord to the instantaneous energy flow between film and
substrate as a function of their difference in temperature.
Fitting to the data, we find this rate to be at flow across
an aluminum-sapphire interface and find it to be 4.28× 1024
bits m−2 K−1 s−1.
∆Ddiag(B → A) in the limit of small temperature differ-
ence. (Details of the above calculations are in Appendix
.)
EXPERIMENTAL QUANTIFICATION OF
INCREASE IN DISCORD
Equation (12) shows that we do not have to perform
detailed state tomography to measure discord. Instead,
we can directly determine the rate of increase in diago-
nal discord by measuring ultrafast transient heat flow in
nanoscale transport experiments [32, 33]. Equation (11)
shows that the presence of heat flow serves as a witness
of the creation of discord, and allows its measurement.
Because of the Gaussian nature of the laser excitation
and heat flow, we can directly compare diagonal discord
to ordinary discord (see above). As the two types of dis-
cord converge in the high-temperature limit in which the
experiment took place, the experiment also measures or-
dinary discord. We emphasize that the experiment is not
designed to verify the predictions of the theory presented
here. Nor is the experiment intended to ‘prove’ that heat
flow can’t be described classically: indeed, we deduce the
rate of heat flow using the Fourier law. Instead, the the-
5ory shows that the amount of discord created between
two quantum systems is directly proportional to heat
flow. The experiment measures heat flow and so mea-
sures discord.
We measured the rate of creation of diagonal discord
induced by nanoscale heat transfer across an aluminum-
sapphire interface. The measurement directly determines
the rate of increase in diagonal discord ∆EB
(
1/kTB −
1/kTA) = ∆Ddiag(B → A) per square meter per sec-
ond. A femtosecond laser pulse deposits energy in a thin
film of aluminum on a sapphire substrate. In the vicinity
of the laser spot, the electrons in the aluminum rapidly
thermalize over a time scale tTh ≈ 100 fs that is much
shorter than the time scale ttr ≈ 50 − 100 ps of initial
energy transfer to the sapphire (see Fig. 1). The tem-
perature of the aluminum at the center of the spot is
monitored by reflectivity as shown in Fig. 1. Combining
the change in temperature with the known specific heat
of aluminum allows a determination of the rate of heat
transfer from the aluminum to the sapphire substrate.
Because the film is thin (∼70 nm), the primary mode
of heat loss from the spot is from propagation from the
aluminum to the sapphire. The change in energy per
unit area per unit time of the hot spot on the aluminum
is given by ∆E/∆x2∆t = θC∆TA/∆t, where C is the
specific heat of aluminum per unit volume, θ is the film
thickness, and ∆TA is the change in the temperature of
the aluminum over time ∆t. The change in diagonal
discord per unit area per unit time is then
∆D
∆x2∆t
= θC
∆TA
∆t
(
1
kTB
− 1
kTA
)
= θC
(
TA
TB
− 1
)
1
kTA
∆TA
∆t
, (14)
where TB is the temperature of the sapphire. Using
the data as shown in figure 1, we obtain a value for
∆D/∆x2∆t of 4.28× 1024 bits m−2 K−1 s−1.
DISCUSSION
This letter addressed the role played by quantum cor-
relations in interaction and energy transport. We showed
that quantum correlations in the form of discord are
mandatory for energy transport between quantum sys-
tems. We defined a simple, easily computable form of
discord, diagonal discord, and showed that the amount
of diagonal discord generated during heat transfer is di-
rectly proportional to the heat flow between the two sys-
tems prepared at two systems prepared at different trans-
fer. Elsewhere [28, 29], we show that diagonal discord is
a well-defined measure of non-classicality: it is mono-
tonically decreasing under discord nongenerating trans-
formations and is continuous for generic states. Here, we
showed that diagonal discord is equal to ordinary discord
in the Gaussian, high-temperature limit. We performed a
nanoscale heat transfer experiment that – combined with
our theoretical results – allowed us to measure macro-
scopic rates of creation of discord and diagonal discord.
The connection between fundamental measures of non-
classicality and thermodynamic processes suggests that
discord and diagonal discord may provide useful tools
for the analysis of quantum phenomena. On a relevant
note, the quantification of coherence and discord are rig-
orously studied under the resource theory framework in
recent years [29, 34–37].
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Supplementary Material
Gaussian discord for the heat transfer model
Let us consider a thermal state at temperature T , i.e.,
ρ =
e−βaˆ
†aˆ
Z
=
e−β(qˆ
2+pˆ2)/2
Z
, (15)
where β = (kT )−1. The mean photon number is
n¯ =
1
eβ − 1 , β = ln
(
1 + n¯
n¯
)
. (16)
Its covariance matrix (CM) is given by V = µI, where I is
the identity and µ = n¯+ 1/2. Its entropy is S(ρ) = h(µ),
with
h(µ) =
(
µ+
1
2
)
ln
(
µ+
1
2
)
−
(
µ− 1
2
)
ln
(
µ− 1
2
)
nats.
(17)
Consider two modes A and B in thermal states at
temperatures TA > TB . Let us evolve them through a
beam splitter (the most obvious passive Gaussian inter-
action) with transmissivity η. We realise weak coupling
for η ' 1. The input state ρAB = ρA ⊗ ρB with CM
aI⊕bI is transformed into the output correlated-thermal
state ρA′B′ with CM
VA′B′ =
(
a′I c′I
c′I b′I
)
, (18)
with
a′ := ηa+ (1− η)b (19)
b′ := ηb+ (1− η)a (20)
c′ :=
√
η(1− η)(b− a). (21)
Note that, for the mean photon numbers, we may write
n¯A′ := ηn¯A + (1− η)n¯B (22)
n¯B′ := ηn¯B + (1− η)n¯A . (23)
Change in energy is proportional to
∆n¯B := n¯B′ − n¯B = (1− η)(n¯A − n¯B) > 0 , (24)
∆n¯A := −∆n¯B . (25)
The symplectic eigenvalues of the CM (18) are simply a
and b.
Note that for Gaussian states with CM as in Eq. (18),
we proved [30] that quantum discord D(B → A) is equal
to the Gaussian discord DG(B → A), where the measure-
ment on B is restricted to a Gaussian POVM. Then, we
may use the formula given in Ref. [38] for the Gaussian
discord. We find
D(B → A) = h(b′)− h(a)− h(b) + h (√emin) , (26)
where emin can be adapted from Eq. (4) of Ref. [38]. The
optimal measurement achieving D(B → A) is heterodyne
detection in this case.
At the first order in η ' 1, we get
D(B → A) = ∆n¯B
[
ln
(
1 + n¯B
n¯B
)
− 1 + n¯A
1 + n¯B
ln
(
1 + n¯A
n¯A
)]
= ∆n¯B
[
1
kTB
− 1 + n¯A
1 + n¯B
1
kTA
]
(27)
≤ ∆n¯B
(
1
kTB
− 1
kTA
)
= Ddiag(B → A) . (28)
A simple spin model
A simple example that illustrates our result is given
as follows. Consider two two-level systems such as spins
with Hamiltonian H = (~/2)
( − ωσAz − ωσBz + γ(σA+ ⊗
σB− + σ
A
− ⊗ σB+)
)
. This is a simple swapping Hamiltonian
that induces the continuous time tunneling evolution
|0〉A|0〉B → eiωt|0〉A|0〉B
|1〉A|1〉B → e−iωt|1〉A|1〉B
|0〉A|1〉B → cos γt/2|0〉A|1〉B − i sin γt/2|1〉A|0〉B
|1〉A|0〉B → cos γt/2|1〉A|0〉B − i sin γt/2|1〉A|0〉B
(29)
The spins are prepared in thermal states at differ-
ent temperatures, so that ρAB(0) = Z
−1
A e
ωσAz /kTA ⊗
7Z−1B e
ωσBz /kTB . The energy transfer from A to B is due to
the continuous swapping within the 01, 10 subspace. It is
straightforward to verify that the initial energy transfer
over time ∆t obeys Eq. (12).
The continuous tunneling dynamics implies that the
amount of energy transfer is proportional to sin2 γt/2,
which reaches its maximum rate at γt = pi/2, halfway
through the tunneling process. Because of the sinusoidal
nature of the tunneling dynamics, the energetic discord
also rises to its maximum value at this point. The ener-
getic discord then decreases, reaching zero when γt = pi,
the point at which the states of A and B have been
swapped, so that B is in a thermal state at temperature
TA and A is in a thermal state at temperature TB .
